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DISCLAIMER

The Environmental Research Laboratories, National Oceanic and
Atmospheric Administration, U.S. Department of Commerce, do not
approve, recommend, or endorse any proprietary product or pro-
prietary material mentioned in this publication. No reference
shall be made to the Environmental Research Laboratories, or to this
publication furnished by the Environmental Research Laboratories,
in any advertising or sales promotion which would indicate or imply
that the Environmental Research Laboratories approve, recommend, or
endorse any proprietary product or proprietary material mentioned
herein, or which has as its purpose an intent to cause directly or
indirectly the advertised product to be used or purchased because
of this Environmental Research Laboratories publication.
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PREFACE

Effective communication between individuals or groups is often a
difficult process. This is especially true with new problems and new
research since many questions must initially be left unanaswered. In
this regard, periodic work summaries play an important role, not only
as valuable information sources, but also as management assessment aids.

The work reported herein was funded by the Environmental Protection
Agency (EPA) under agreement EPA-IAG-113(d) between the EPA and the Air
Resources Laboratories (ARL), National Oceanic and Atmospheric Admin-
istration (NOAA), dated April 20, 1973. The Meteorology Laboratory (ML)
serves as the vehicle for implementing the agreement. This relationship
was established in 1955 and has continued since that time.

Much of the EPA research, development, and operational effort in
the atmospheric sciences is the responsibility of the ML. Research
activities define, describe, and study the meteorological factors of
prime importance to air pollution control activities; operational support
activities apply meteorological principles to assist the EPA in the
evaluation and implementation of air pollution abatement and compliance
programs. Research activities are conducted with the ML and through
contract and grant activities. The ML provides technical information,
observational and forecasting support, and consultation on all meteoro-
logical aspects of the EPA air pollution control program to all the EPA

offices, including the Regional Offices, as appropriate. Both EPA and

NOAA personnel are assigned to the ML.
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Any inquiry on the research or support activities outlined in this

report should be directed to the Director, Meteorology Laboratory, En-

vironmental Protection Agency, Research Triangle Park, N. C. 27711,
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ABSTRACT

During Fiscal Year 1973, the Meteorology Laboratory, Air Resources
Laboratory, provided research and operational meteorological support to
the Environmental Protection Agency (EPA). Operational support was
provided to the Office of Air and Waste Management, the EPA Regional
Offices, and other EPA components. This included the response to
emergency requests for assistance in accident emergencies; the review
of the meteorological aspects of environmental impact statements,
requests for variances, and grant and contract proposals; the application
of dispersion models; and the preparation of staff dispersion studies
and evaluations,

Research activities were divided into two general areas: model
development and application, and climatic analysis and geophysical
studies. Within the model development area, models developed or under
development include photochemical air quality simulation models,
highway dispersion model, climatological dispersion model, maximum
24-hour model, an urban meteorological-pollutant model, real-time air
quality simulation model, point source models, street canyon dispersion
models, and long-distance transport model. Six models have been placed
on the User's Network of Applied Models of Air Pollution (UNAMAP).

Climatic analysis and geophysical studies cover a wide range of
problems. These include: the analysis of climatological data pertinent

to the preparation of dispersion estimates for large single point sources;



the development of an objective technique for determining hourly mixing

heights; the conduct of atmospheric turbidity and urban radiation studies;

and the investigation of atmospheric pollutant removal processes.
Meteorology Laboratory activities involve all aspects of air pollution

meteorology.
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FISCAL YEAR 1973 SUMMARY REPORT OF METEOROLOGY LABORATORY
SUPPORT TO THE

ENVIRONMENTAL PROTECTION AGENCY

Charles R. Hosler
Herbert J. Viebrock, Editors

The following brief summaries of meteorological research
and other activities present the current status of projects
the Meteorology Laboratory is conducting for the Environmental
Protection Agency.
Uniterms: Abatement, absorption, aerosol, air pollution, air
quality modeling, boundary layer, carbon dioxide, carbon monoxide,
chemistry, diffusion, meteorology, mixing layer, model, monitoring,
oxidants, particulates, photochemical, plume, radiation, radiometer,

regional study, stagnation, sulfur dioxide, turbidity, washout,
wind tunnel.

1. INTRODUCTION

Much of the Environmental Protection Agency's (EPA) research and
development work in the atmospheric sciences focuses on air pollution
meteorology and is conducted by the Meteorology Laboratory (ML). The
ML is responsible for both research programs and operational support
activities. The ML program can be divided into three major areas:
model development and application (chapter 2), climatic analysis and
geophysical studies (chapter 3), and operational support (chapter 5).

Within the model development and application area, two significant
efforts illustrate the scope of the program. The first project is the

development of photochemical air quality simulation models. Three



separate transport and dispersion models were developed for reactive
pollutants; two of these were "trajectory'" models and one was a "grid"
model. They are all first generation models, usable for single day,
daylight use. Emphasis was placed on the modeling of the chemical
reactions occurring in the atmosphere; therefore, the meteorological
parameters are part of the model input. The models differ in many
aspects, including the kinetic reaction module used. For example,
the Pacific Environmental Services ''trajectory'" model has 33 reactions,
while the General Research Corporation 'trajectory'" model has 16
reactions and the Systems Applications, Inc., ''grid" model has 15.
Work on a second generation model has begun.

The second project is the development and augmentation of a
User's Network of Applied Models of Air Pollution (UNAMAP). It
currently consists of six programs. They are APRAC which provides the
hourly average CO as a function of extraurban diffusion from automotive
sources, in upwind cities, intraurban diffusion from roadway sources,
and local diffusion within a street canyon; HIWAY which provides an
estimate of highway-related air pollution for receptor locations downwind
of at-grade and cut highway sections; CDM which provides the long-term
average pollutant concentration; PTMAX which estimates the maximum hourly
average ground-level concentration from a single stack as a function of
stability and windspeed; and PTDIS which estimates the hourly concen-
tration and up to 24-hour average concentration at up to 30 receptors

from up to 25 sources.



Within the climatic analysis and geophysical studies area, work
included the analysis of U.S. rawinsonde data to obtain the meteoro-
logical data pertinent to the preparation of dispersion estimates for
large single point sources; the initiation of an investigation to
develop an objective technique for determining hourly mixing heights;
and the conduct of studies of atmospheric turbidity and urban radiation.
A sample study examined the difference in the radiation budgets between
rural and urban sites in the St. Louis, Mo., area. Preliminary evalua-
tion of the data indicates that 6 1/2 percent less total solar energy
is received at the urban site than at the rural site.

The ML provides extensive operational support to the various sectors
of the EPA, including the Office of Air Quality Planning and Standards,
the Human Studies Laboratory, the Quality Assurance and Environmental
Monitoring Laboratory, the Air Pollution Training Institute, and the EPA
Regional Offices. This support includes meteorological counseling,
reviewing, conduct of field investigations, conduct of short meteoro-
logical studies, impact statement and implementation plan evaluation,
and preparation of meteorological portions of EPA documents and reports.

The three major areas of ML activity are discussed more fully in

the remainder of the report.



2. MODEL DEVELOPMENT AND APPLICATION
2.1 Select Research Group in Air Pollution Meteorology

A recent concept within the EPA has been the Select Research Group
in Air Pollution Meteorology. This group has been involved in the iden-
tification and support of an interdisciplinary group at one university
that works under the support of the EPA on long-range problems of air
pollution meéteorology. About a dozen university groups had submitted
proposals for a 5-year program; in May 1972, the Pennsylvania State
University was awarded a grant to initiate this program. The grant
involves both the Department of Meteorology, under the overall direction
of Professor A. K. Blackadar, and also the Center for Air Environmental
Studies under the direction of Professor W. J. Moroz. A broad interdis-
ciplinary effort has been organized during the past year around several

tasks and subtasks.

2.1.1 Development of Regional Scale Prediction Model

This task relates to the development of a three-dimensional regional
meteorological-pollutant prediction model that will consider mesoscale
flows with horizontal scale of 200 kilometers (km) and time scales of
about 24 hours. The horizontal grid spacing will be 20 km and will cover
a square domain 600 km on a side. Development of such a regional model
is important in its own right, but it also provides an input to in-house
efforts of the ML (see discussion in 2.14 of the Wind and Temperature
Prediction Code (WATPC)) to model the smaller scale urban flows. The
regional model is being developed by appropriate modification of an

earlier three-dimensional hurricane model of Anthes (1972).



2.1.2 Modeling of Exchange Processes

This task is to provide an economical parameterization scheme for
incorporating the effects of subgrid-scale fluxes into the regional
model. The higher order closure schemes discussed for the preceding
task do not appear to be applicable on a regional scale, although they
will play an important role for the urban-scale model of WATPC. The
parameterization scheme which has been investigated so far is equivalent
to a turbulent diffusivity function in which the value of K is determined

by a self-regulating procedure incorporated into the regional model.

2.1.3 Higher Order Approximations of Turbulent Transports

This task aims to develop a model for subgrid-scale turbulent
transport of pollutants and other properties that is superior to K-theory
and applicable to microscale modeling of the urban environment. The
method is based on closure approximations for the basic governing
turbulence equations. During the past year, a general formalism was
devised that permits unambiguous generation of successive closure
approximations to the third moments, while first and second moments are
carried exactly. The work is described in greater detail in a paper.by

Lumley and Khajeh-Nouri (1973) that was presented at the Second IUGG-

IUTAM Symposium on Turbulent Diffusion in Environmental Pollution in

April 1973 at Charlottesville, Va.

2.1.4 Interpretation of Remote Sensing Observing Systems
Theoretical studies have been made relating to the interpretation

of acdar sounding signals (acoustic radar) and the extent to which



changes in the vertical wind and temperature profiles produce identi-
fiable signatures in the received acoustic signals. This research is
being undertaken in the belief that acdar has the greatest potential
for providing indirect sounding data useful for temperature and wind
profiles related to air pollution. Methods will be explored for
directly integrating acdar profile data into an operational regional
scale prediction model such as the one being developed under work

described in 2.1.1.

2.1.5 Meteorological Effects on Air Pollutants
This task is to establish quantitative mechanisms for the changes
of the physical characteristics of particles emitted from an urban
source as these particles move downstream. Particle releases from the
Pittsburgh, Pa., urban complex have been selected for examination and
tracking because they contain a natural tracer from the steel industry
located in the area. The study will eventually lead to improved modeling

of particulate pollutants.

2.1.6 Atmospheric Removal Processes for Air Pollutants

This task is to study natural processes by which pollutants can be
removed from the atmosphere. These processes include removal by rain
and snow and/or chemical reactions, and also removal resulting from
interaction with the earth's surface in its various forms (such as water,
mineral, and vegetation). In due course, crude mathematical models will
be developed for these removal processes so that they may be incorporated
into the overall air pollution model. During the past year, emphasis was

placed on an extensive literature survey.
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2.1.7 Airborne Air-Chemistry Observing System

This task supplements the Pennsylvania State University aircraft-
observing system in the field of air motion (turbulence and Doppler wind)
and air pollution sampling; and it is being coordinated with the needs of
the EPA Regional Air Pollution Study (RAPS) in the St. Louis area.
Field work with the aircraft has included special flights to test and
calibrate the motion-sensing system and to determine its capabilities
for vertical gust measurements and for other derived quantities such
as heat and momentum fluxes that are important in the boundary-layer
parameterization studies. In addition, a comprehensive (within the
limitations of aircraft weight and power) air-chemistry package that

emphasizes aerosol measurements is being assembled.

2.2 Modeling of Atmospheric Turbulence and the
Dispersal of Atmospheric Pollutants

The method of so-called invariant modeling, developed by
Dr. C. duP. Donaldson (Aeronautical Research Associates of Princeton (N.J.),

Inc.), was briefly described in the Fiscal Year 1972 Summary Report

(NOAA, 1973). From this earlier application of the method to atmospheric
dispersion, it appeared that a powerful new technique might be success-
fully developed for computing the dispersive power of the atmosphere under
a wide variety of meteorological conditions. During the past year, these
studies were extended to include analysis of diffusion:

(a) in an unstable surface atmospheric layer capped by a

temperature inversion;
(b) from a point source in three spatial dimensions; and
(c) in the Ekman spiral of the planetary boundary layer.

7



In addition, a comprehensive monograph was prepared that provides a
connected, detailed account of the derivation of the appropriate
mathematical equations for the model of atmospheric turbulence and
transport. The material for this monograph was presented by
Dr. C. duP. Donaldson as part of a workshop on micrometeorology, sponsored
by the American Meteorological Society in August 1972. The method of
invariant modeling by way of second-order closure of the turbulence
equations was also developed and applied to chemical reactions occurring
in a turbulent and inhomogeneously mixed-binary reaction system. Some
illustrative computations have been made for a two-dimensional atmospheric
dispersion situation where turbulence would have a pronounced effect on
the effective rate of chemical reaction. The above work has been reported
in the contract reports:

(a) Atmospheric turbulence and the dispersal of atmospheric

pollutants: EPA-R4-73-016a, Environmental Monitoring

Series, EPA, March 1973.
(b) Derivation of a non-Boussinesq set of equations for an

atmospheric shear layer: EPA-R4-73-016b, Environmental

Monitoring Series, EPA, March 1973.
(c) A coupled two-dimensional diffusion and chemistry model
for turbulent and inhomogeneously mixed reaction systems:

EPA-R4-73-016¢, Environmental Monitoring Series, EPA,

March 1973.
In a new contract that has been placed with Aeronautical Research
Associates of Princeton, Inc., the following special tasks are under

study:



1)

(2)

(3)

(4)

(5)

Inclusion of a predictive equation for length scales in

the parameterization. A length-scale prediction equation
can be developed from the dynamics of the two-point (spatial)
correlation which can be applied to the prediction of
arbitrary closure coefficients to improve the reality of

the model.

Verification and calibration of the models developed in task
(1) by detailed comparisons of the model prediction with such
data as have been collected on the turbulence structure of
the planetary boundary layer. This verification and cali-
bration will include both conventional terrain types as well
as the large-scale roughness of a typical urban area. Both
field and wind tunnel data will be used where available.
Verification and calibration of the models developed in task
(1) by detailed comparisons of the model prediction with
results from comprehensive three-dimensional numerical
simulations of the turbulent planetary boundary layer.

The model resulting from tasks (1) to (3) will be applied to
predicting the diffusion from an elevated point source for a
matrix of the three parameters — surface roughness, surface
heat flux, and windspeed — with approximately three values
for each. Specific situations simulated thereby will include
the source located within and upstream from an urban complex
and upstream and downstream from a large body of water.
Development of a simplified version of the invariant models

resulting from tasks (1) to (4) for use as a closure scheme



in more complex combined meteorological air quality
numerical models currently under development in the
ML, EPA. This will consist essentially of finding a

best single equation for the turbulent kinetic energy.

2.3 Urban Meteorological-Pollutant Model

Work was continued under contract with The Center for The Environ-
ment and Man, Inc. (CEM), Hartford, Conn., to develop further an urban
meteorological-pollutant model. The urban boundary-layer model that
has previously been described by Pandolfo et al. (1971) of the CEM has
been modified and used in 40 test runs employing selected data for
carbon monoxide concentrations in the Los Angeles Basin. It has been
shown that an economical, objective, physically consistent, and precisely
specified (though with some arbitrary elements) procedure can be achieved
for obtaining and predicting the three-dimensional meteorological fields
that are needed. In several of the runs, the input topography, land-water
distribution, and other physical characteristics of the underlying
surface were varied. The results demonstrate that ready generalization
to other regions should be possible. The modeled region was simulated
with a relatively coarse (8-mi.) grid spacing. This is in contrast to
some other recent air quality simulation models (Sklarew et al., 1971;
Roth et al., 1971) that use a 2-mi. grid spacing, but for which the actual
wind velocity field is an input rather than the predicted field. Nonethe-
less, the temporal and spatial variations of air temperature, humidity,

and wind are simulated with an encouraging degree of realism. Temporal

10



and spatial variations of carbon monoxide concentration are also
simulated fairly realistically, and it is reasonable to expect improved
simulation accuracy if a finer horizontal grid can be used. The above
work has been reported in the contract reports:
(a) Tests of an urban meteorological-pollutant using CO
validation data in the Los Angeles metropolitan area,

vol. I: EPA-R4-73-025a, Environmental Monitoring

Series, EPA, May 1973.

(b) Tests of an urban meteorological-pollutant using CO
validation data in the Los Angeles metropolitan area,
vol. II, Fortran program and input/output specification:

EPA-R4-73-025b, Environmental Monitoring Series, EPA,

May 1973.
In addition to the above modeling activity, the contract with the
CEM was expanded to include development and evaluation of a specific
scheme of mesoscale wind-field prediction (Anderson, 1971). The
predictive scheme is being evaluated using the available data on wind
trajectories for the Los Angeles Basin as estimated both from the surface-
wind network and from tetroon trajectory data previously obtained by the

Air Resources Laboratory (ARL) of NOAA.

2.4 Validity of the Air Quality Display Model
Calibration Procedure

Under a small contract with a meteorological-statistical consultant
(Dr. G. W. Brier), a special study was made, based on statistical theory,

of the validity of the ''calibration procedure'" that is frequently used

Ll



with climatological models of multiple-source urban air pollution.

In particular, the validity of the calibration procedure was examined,
if the air quality prediction were made for a distribution of pollutant
emissions differing from that for which the calibration was actually
established. This situation arises in pollution control strategy
studies that involve air quality comparisons for various hypothetical
emissions distributions and also in long-range planning studies where
concern is with the pattern of air quality from future pollution
emissions. The analysis is reported in Validity of air quality display

model calibration procedure: EPA-R4-73-017, Environmental Monitoring

Series, EPA, January 1973.

2.5 Particle-in-Cell Method for Numerical Solution
of the Atmospheric Diffusion Equation

During Fiscal Year 1972, under a contract with Systems, Science
and Software of La Jolla, Calif., a new particle-in-cell method was
developed for the solution of the atmospheric diffusion equation
(K-theory). When this method was applied to photochemical air pollution
problems that involve chemical reactions in addition to atmospheric
transport and diffusion, the chemical kinetics were specified in an
Eulerian hydrodynamical framework rather than the more appropriate
Lagrangian, thereby introducing errors in the simulation of the chemical
reactions. In an extension of the previous contract, work during the
past fiscal year was directed toward an appropriate chemical kinetics

in a three-dimensional Lagrangian rather than an Eulerian framework.
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The two formulations are being illustrated and compared by actual
application to selected observations for one day of photochemical
pollution in the Los Angeles Basin. Full documentation of the
various numerical codes that have been developed, together with a
user's manual, will permit immediate utilization of these findings

in the photochemical modeling activities of the ML.

2.6 Highway Dispersion Model

The National Environmental Policy Act of 1969 requires that
federal highway construction is to be preceded by an impact statement
analyzing the effect of the proposed roadway on air quality. In
response to this need for methods to provide estimates of highway air
pollution, a simple Gaussian plume computer dispersion model for non-
reactive pollutants (carbon monoxide) has been developed. This model
treats the highway as equivalent to a number of continuous, finite,
uniform line sources; it has been given the acronym '"HIWAY."

Estimates of highway air pollution can be obtained for receptor
locations downwind of at-grade and cut-section highways. To obtain
estimates of air pollution concentration for the at-grade highway, each
lane of traffic is modeled as though it were a straight, continuous line
source of pollution with a uniform emission rate. The process of finding
air concentration downwind of a line source entails simple trapezoidal
integration of a series of point sources situated along the line source.
The distance between these point sources is successively halved until
the values of calculated air pollution concentration do not materially

change by further reduction of the spacing between these point sources.

13



To estimate air pollution concentration for each cut-section
highway, the top of the cut section is considered to be an area source.
This area source is modeled by using a number of line sources at the
top of the cut section.

An interactive version of the highway dispersion model has been
placed on the EPA User's Network of Applied Models of Air Pollution
(UNAMAP) which is in active use by EPA regional offices in evaluating

highway impact statements. A user's manual for the model is being

drafted.

2.7 Airport Model Validation Project

The Airport Dispersion Model developed for EPA by Northern Research
and Engineering Corp. (NREC), Rockville, Md., is now being validated under
Contract 68-02-0665 by Geomet, Inc., Rockville, Md. As originally designed,
the NREC Airport Dispersion Model simulates line sources, such as the
taxiing of an aircraft to the runway, by means of equally spaced point
sources located along the line source. In principle, the Aircraft
Dispersion Model operates in a manner similar to the model developed by
Martin (TRW Systems Group, 1969) once the point sources have been allocated
to each line (and also area) source.

For the first phase of the contract period, a network of air quality
samplers was established at Washington (D.C.) National Airport. The layout
of this network and the instrumentation used is given in table 1. As seen,
the primary emphasis was placed on the two non-reactive pollutants, carbon

monoxide and particulates. Besides air quality measurements, special

14



meteorological measurements were made including sensing of the temper-

ature structure above the airport by means of a microwave thermosonde.

Most data collected were automatically scanned and logged on paper tape
for computer processing. At the conclusion of the project, these data

will be available on magnetic tape, and a user's manual describing the

data will be prepared.

Preliminary efforts of the validation program have been directed
toward operating the model with a complete pollution inventory for
Washington National Airport and its environs. Modifications to
the model being tested are the introduction of more advanced line and
area source simulation techniques. In addition, some revision of the
aircraft classification system has also been made in the aircraft emissions
section of the model. Results of validating the Aircraft Dispersion Model
should be available in a final report to be completed early in the next

fiscal year.

2.8 Climatological Dispersion Model

In assessing the effect of abatement strategies on the long-term
average pollution concentration for nonreactive pollutants, such as
sulfur dioxide and particulates, climatological dispersion models have
been frequently applied. A Climatological Dispersion Model (CDM) incor-
porating the concept of the "narrow plume hypothesis' for estimating
concentration from area sources, as suggested by Calder (1971), was
previously developed and applied to a North Atlantic Treaty Organization
(NATO) study of the air pollution conditions of Ankara, Turkey, and

St. Louis, Mo. (Zimmerman, 1972).
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Table 1. Air Quality Sampling Network at Washington (D.C.) National Airport
Monitor site number
Sampling
Pollutant Detection principle frequency 2 3 |4l 5@
co NDIR x | X%
co GC-FID X | x %
NO2 Colorimetric X | x X
O3 Chemiluminescence X | X X
HC Flame ionization x | x %
Particulates Gravimetric (Hi-Vol) 24 h Xl x | sxp XX
Particulates Spot tape 1h X | x X
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This model was applied to 1 year's data for the New York Air
Quality Control Region and the results compared with various versions
of two other models, the Air Quality Display Model and the Gifford-
Hanna Model. A paper, "An evaluation of some climatological dispersion

models", was presented and appeared in the Third Meeting of the Expert

Panel on Air Pollution Modeling, NATO Committee on the Challenges

of Modern Society (Turner et al., 1972).

The computer program for the CDM has been described in a user's
guide which details the operation of the model and provides an illustra-
tive sample problem for testing it. The CDM has also been developed in

interactive format and has been placed on the UNAMAP.

2.9 Maximum 24-Hour Model

As the result of a pressing need of the Monitoring and Data Evalu-
ation Division to assess the impact upon air quality of a large number of
power plants in the Midwest, a computational procedure was devised to
aid in estimating the maximum 24-hour concentration that occurs once a
year from a single plant emitting from one to six stacks.

Calculations are performed hour-by-hour for each source, using a
steady-state Gaussian plume model. The dispersion parameter values
are those suggested by Pasquill (1961) and Gifford (1961). Plume rise
is determined for each source, using Briggs' plume rise equations
(Briggs, 1969). Calculations are made for receptor points at five
distances from the source. Based on the individual source, the distances
selected generally include the distance of the maximum concentration for

critical windspeed for Pasquill stability types A through E. Concentrations
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are calculated radially about the source for each 10° azimuth. Because
the wind direction is reported to the nearest 10°, each hour's wind
direction is randomized within the 10° sector by generating a random
digit from 0 to 9 and using this digit to add from -4° to +5° to the
reported wind direction. Twenty-four-hour average concentrations

(from midnight to midnight) are determined for each receptor.

Input to this calculational scheme includes the hourly meteoro-
logical data for a representative weather station for a year and the mixing
height data (two values per day) for the same period obtained from
Holzworth (1964). So far, only data from the year 1964 have been used
with this model because this is the only year with wind direction
reported to 10° and with all 24 hourly observations readily available.

Output consists of mean annual concentration, maximum 24-hour
concentration, and maximum hourly concentration for each receptor.
Because this is a steady-state model and because fumigation concentra-
tions are not adequately considered, the hourly maxima may be under-
estimated. It is assumed that the 24-hour maximum concentration is
little affected by fumigation because of the distance and generally
short duration of the occurrence of fumigation concentrations.

An interim user's guide for the use of the model was prepared and
the program given to the Office of Air Quality Planning and Standards
(OAQPS) for its analysis of a number of power plants. It is recognized
that year-to-year variations of the 24-hour maximum can be considerable,
but lack of hourly data for additional years hampers efforts to investi-
gate this., It is anticipated the model will be documented and made

available to users.
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2.10 Real-Time Air Quality Simulation Model

In recognition of the need for a versatile short-term (hourly to
a day) model for urban areas, primarily for use in episode control,
development of a model was initiated. It was recognized that any model
useful in episode control would have to be applicable to stagnation
situations. Formulation of a stagnation submodule is now underway.

This submodule will be incorporated into the overall model structure
whenever it becomes available. Development of the stagnation submodule
is not only important for the episode uses, but also for estimating the
maximum 24-hour concentration once a year in urban areas. It is antici-
pated that the meteorological conditions which are concurrent with the
highest 24-hour concentration annually in urban areas will be light and
variable winds with little overall transport, allowing buildup of
concentrations in urban air mass.

A steady-state Gaussian plume model is used to estimate concentrations
hour-by-hour from point and area sources in urban areas for conditions
where a single wind direction, windspeed, and stability class can be chosen
to be representative of the urban area.

Emission estimates are made for both area and point emissions.

Area sources may be of varying sizes; usually the various side lengths

are multiples of the side length of the smallest source area considered.
Any arbitrary user coordinate system can be used, provided it is rectan-
gular with major east-west and north-south axes. Emission rates are given
for each square. Information for point source locations is given in the
same coordinate system as that used for area sources. It must include
emission rates as well as stack gas temperature, stack gas velocity, and

stack diameter to estimate Briggs' plume rise.
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Metcorological input consists of wind direction, windspeed,
stability class, and mixing height selected to be representative of
the entire urban area for each hour of the period of interest.

Calculations arc performed in the usual manner for point sources,
with consideration given to upwind and crosswind distances of the point
sourcc from the receptor. The Hanna technique is used to determine
concentrations from area sources. This technique considers area emission
rates found directly upwind of the receptor as representative of emissions
affecting the receptor. Concentrations are determined by integration in
the upwind direction for the given stability, considering both the variation
of arca cmission rate with distance and the effective area source height.

A unique fecature of this plume model includes determination of
rcceptor locations (where concentrations would be expected to be highest)
downwind of major point and area sources as part of the computational
procedure. Options include the use of other receptors, such as air quality
measurcment stations, with coordinates specified. Also, to insure adequate
arca coverage, additional receptors are added in a hexagonal or honeycomb
pattern in arcas where initially no other receptors are present. For the
most significant point and area sources, partial concentrations (that is,
the concentration resulting from a particular source at a receptor) are
stored hour-by-hour so that estimates for the same time periods may be
made, assuming varying control tactics. The partial concentrations resulting
from a particular source are proportionately reduced according to emission
reductions for the appropriate hours. This allows testing of several

control tactics without having to reapply the model for each one.



The computer routines to perform the calculations were completed
and tested for mathematical correctness. A user's guide describing
‘the technical aspects of the model and documenting the computer routines
will be prepared. The stagnation submodule will be added whenever it
becomes available. The model will be tested against measured concen-

trations.

2.11 Point Source Models
Three different point source models of the steady-state Gaussian
type were programmed in the interactive mode and placed on the UNAMAP
(User's Network of Applied Models of Air Pollution) system. All three

perform calculations suggested in the Workbook of Atmospheric Dispersion

Estimates (Turner, 1970) and use dispersion parameter values for Uy and
g, as suggested by Pasquill (1961) and Gifford (1961). Each program
estimates concentrgtions that are representative of hourly averaging
times. Each program estimates plume rise, using procedures of Briggs
(1969); level terrain is assumed.

The program PTMAX performs an analysis of maximum ground-level
concentration from a point source (a single stack) as a function of
stability and windspeed. By an examination of the concentrations for
the various windspeeds at a given stability, the critical wind velocity
(associated with the maximum concentration) can be determined for that
stability. Outputs for each stability and windspeed pair include the
effective height of emission, the maximum concentration, and the distance
from the source to the point of maximum. A limit to vertical mixing

(mixing height) is not considered in this analysis.
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The program PTDIS determines ground-level concentrations from a
point source (a single stack) for specified distances downwind from the
source for a specific windspeed, stability, and mixing height. An
option allows the user to specify a concentration for which the half width
(distance) of the concentration isopleth is determined at each of the
specified distances. This information is useful to determine the area
in concentrations that is above a given magnitude,

The program PTMIP determines hourly concentrations and average
concentrations for up to 24 hours at a number of receptor points
(up to 30) from multiple point sources (up to 25). Coordinates of both
sources and receptors must be specified in a rectangular l-km coordinate
system. Receptor heights may be above ground level. Meteorological
data for each hour consist of wind direction, windspeed, stability class,
and mixing height. Concentrations at each receptor are determined and
printed for each hour. An average for the period is also printed. Partial
concentrations, that is, the concentration resulting from each source upon
each receptor, is available optionally for each hour and for the time
period.

The batch versions 6f these programs will be documented and made
available as part of a collection of FORTRAN programs for estimating

dispersion.

2.12 Screening Procedure
At the request of the Strategy and Implementation and the Stationary
Source Enforcement Divisions, a procedure was devised that can be easily

applied to evaluate in a gross fashion the impact, relative to the air
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quality standard, of a point source releasing a nonreactive pollutant.
It is anticipated that the procedure would be used by state and regional
air pollution personnel to aid them in analyzing sources releasing
sulfur dioxide or particulate matter and in reviewing applications for
new sources or modifications of existing ones. The procedure is based
on the pessimistic view that maximum short-term (hourly) concentrations
from point sources occur with unstable conditions whenever a 1lid on
vertical mixing occurs near plume height. The procedure leads to one
of three conclusions: (1) The source is likely to cause ground-level
concentrations above the standard; (2) the source is unlikely to cause
ground-level concentrations above the standard; or (3) a more detailed
analysis of the impact of this source upon air quality is required.

A draft, "A simple screening technique for estimating the impact of a
point-source of air pollution relative to the air quality standards,"
by D. B. Turner and E. L. Martinez, will be revised and published as an

EPA Research and Monitoring publication,

2.13 Evaluation and Documentation of a Gaussian Model
Geomet, Inc., Rockville, Md., under contract, has evaluated a
Gaussian plume urban diffusion model developed under a previous contract
(CPA70-94). This Sampled Chronological Input Model (SCIM) was used to
make estimates for a 3-month period in St. Louis, for 1 month in Chicago,

and for 1 year in New York City. Comparisons were made with measure-

ments and also with estimates from a simplified model (Gifford and Hanna,

1973).
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Comparing the results of the SCIM and the Gifford-Hanna (1973)
model with concentrations from point sources, as determined by the
SCIM, added to the concentrations determined from area sources.

The SCIM produced the least annual mean error at six of 10 receptors
and the least error in estimating the maximum measured concentration
at six of 10 receptors; the Gifford-Hanna model produced the least
root-mean-square errors at all 10 receptors.

It is concluded that there is a need to improve the input data
used with the multiple-source Gaussian plume model, particularly
atmospheric stability information, because the model is very sensitive
to the rather gross stability changes that are routinely introduced.

Results have demonstrated no conclusive improvement in model
validity by the use of mean emission rates over the use of variable
emission rates for the SCIM and Gifford-Hanna models.

The evaluation is contained in the Phase I report. The preparation
of a user's manual for the SCIM and a training session for EPA personnel

on the use of the model will complete the contract work.

2.14 Wind and Temperature Prediction Code
The Wind and Temperature Prediction Code (WATPC) is a three-dimensional
numerical model of the wind and temperature field as a function of space
and time in a region extending horizontally about 30 by 30 km and
vertically 2 km. The model consists of a solution of the Boussinesq
equations for the three velocity components (u, v, w) and the potential
temperature, and of an inversion of the Poisson equation resulting from

the imposition of incompressibility (V-Y = 0) on the system to determine

24



the nonhydrostatic pressure field. This portion of the code has been
inputted into the 370/165 computer at the Triangle University's

Computer Center. Current activity centers on: (a) specification of
proper boundary conditions to allow nesting the WATPC within a few

grid points of a larger scale mesoscale prediction model, such as that
under development in a current research grant with Pennsylvania State
University (see discussion in 2.1); (b) incorporation of a meaningful
surface energy balance; and (c) inclusion of additional model equations
for the generation of turbulent dissipation and turbulent energy required

to parameterize the subgrid scale dynamics.

2.15 St. Louis Air Quality Submodel

To incorporate the first data available from the EPA Regional Air
Pollution Study (RAPS), an air quality submodel is being developed for
incorporation into the general RAPS model under development. In parti-
cular, an Eulerian representation solving the inert pollutant concentration
equations over a 30- by 30- by 10-km grid in St. Louis is under study.
The first pollutant to be considered is SOZ' The best available inventory
has been accumulated and translated into a useful initial (boundary)
condition for the St. Louis Air Quality Submodel. Modern numerical
techniques allow the effects of numerical diffusion to be minimized.
The specification of eddy coefficients will be a prime activity next
year, based upon the so-called super-equilibrium theory developed by

Donaldson (1973).
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2.16 Street Canyon Diffusion

Researchers at the Los Alamos Scientific Laboratory (LASL),

Los Alamos, N.Mex., have completed an analytical/numerical study of
air pollution transport in street canyons. This work was conducted
under an interagency agreement with the Atomic Energy Commission (AEC).

Numerical studies were made of a two-dimensional street canyon
problem. Comparison with the results of water channel studies showed
excellent qualitative agreement of the overall flow structures, but,
because of free-slip boundary conditions, secondary vortexes that appeared
in experimental results did not appear in the numerical results. When
comparing concentration patterns with fluid model results, it became
evident that constant eddy diffusivity assumptions were inappropriate
and that a full set of turbulence equations was needed.

An analytical expression was also developed to predict the pollutant
concentrations in a simple notch, this expression being an idealization
of a street canyon with automobile exhaust emitted at the bottom and a
crosswind passing over the top. The form of the equation is quite
similar to previous semi-empirical formulas, but the derivation is useful
in that it shows how previous semi-empirical formulas can be improved.

Finally, a three-dimensional numerical model of a specific street
canyon in St. Louis was constructed to compare results with those obtained
from field measurements that had been made there previously. Although
concentration values have to be scaled to match the measured values at
some point in the canyon, the shapes of the isopleths and the values
predicted in other parts of the canyon (after matching at one point)

showed fair agreement with the measured values.
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2,17 Diffusion in the Turbulent Surface Layer

Scientists at the University of Notre Dame, Notre Dame, Ind., are
conducting an analytical and experimental study of diffusion in the turbulent
surface layer of the atmosphere under a research grant with the ML.

On the analytical side, a simple phenomenological theory of turbulent
shear flow has been applied to turbulent diffusion problems for ground-level
point and line sources under neutral and stratified conditions. A
technical report has been received that shows quite favorable comparisons
with the results of previous wind tunnel and atmospheric studies.

Additional analytical work is being done on elevated point and line sources
under different stratification and ground roughness conditions.

On the experimental side, a new type of atmospheric wind tunnel,
which uses active devices for controlling wind profiles and turbulence
jets, has been constructed. The wind tunnel has been shown to be capable
of generating thick (40-in.) boundary layers with variable turbulence
intensities (up to 30 percent) using an 18-ft long test section.
Measurements and comparisons of Reynolds stresses, power spectra, and

correlation functions are presently being made.

2.18 Composition and Distribution of Forest Fire Smoke
Laboratory and field investigations of the composition and distri-
bution of forest fire smoke have been conducted at Washington State
University under a research grant with the ML. During the field phase
in the summers of 1968-70, several 10- to 50-acre plots of cutover slash

were burned in a national forest in Montana. The smoke plumes were
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sampled by equipment located at specified ground-level sites and on

a fixed-wing aircraft. The data were compared with those obtained

with similar instrumentation for fires ignited on experimental burning
tables at the university and at other institutions. The primary objec-
tives of the study are the determination of the composition and
distribution of combustion products and the definition of environmental
conditions (such as meteorological and soil) and fuel variables which

will minimize air pollution from such slash burning. The study is an
integral part of a larger program concerning the environmental (ecological)

effects of different forest management strategies.

2.19 A Numerical Model of the Urban Atmosphere

The dynamics of urban microclimate, land use patterns, pollution
emission, transport and diffusion, and human comfort have been synthesized
into a highly interrelated system by L. O. Myrup and D. L. Morgan of the
University of California-Davis, working under a research grant with the
ML. In the first part of a three-volume final report, Myrup and Morgan
(1972) present a detailed analysis of the physical structure of an urban
surface in terms of land use categories. This research organizes a city
into significant study parcels, delineates the textural cells making up
the city, and quantifies the local and general fabric and the aerodynamic
roughness of an urban area. A dual approach to the problem has been
formulated in which data are available either in terms of land use or as

an average over areas determined by a regular spatial grid.
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The micrometeorology group at Davis has developed a series of
numerical models, based on the energy transfer processes at the surface
of the earth, which simulate the microclimate as a function of substrata
properties and meteorological input. Model results demonstrate a close
correspondence between the geophysical processes and land use categories.

The microclimate calculations serve as input information to several
analyses and model calculations. For instance, the phenomena of human
comfort are highly related to the microclimate. From an analysis of the
relation between city texture, microclimate, and human physiologic comfort
and an extensive review of the literature of thermal comfort, a model of
the budget of human physiologic heat energy is developed. From microclimate
parameters and specified activity level and clothing, the model predicts
skin temperature from which conventional indices of human comfort are
derived. One result of this phase of the work is an analysis of human
comfort in relation to land use categories.

Volume II of the final report will be devoted to a description of
a mesoscale meteorological and air quality measurement program which was
primarily executed during the summer of 1971. Volume III will present the

analyses and calculations made in regard to air quality.

2.20 Geophysical Characteristics and Energy
Budget of the Urban Surface

Stanford Research Institute scientists are conducting, under a
research contract, an experimental and analytical investigation of the

geophysical parameters of significance in urban energy budget studies.
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Representative surface areas encompassing different land use or surface

types were chosen in metropolitan St. Louis. Techniques for determining
representative values of geophysical surface characteristics (albedo,
emissivity, aerodynamic roughness, and thermal admittance) were determined
for the selected areas. During special periods in August 1972 and

April 1973, measurements were made of these geophysical parameters over
the areas and for two or three complete diurnal cycles of reflected solar
radiation and infrared window-channel irradiance. The data are being
analyzed by a climatological model to determine the feasibility of
ascertaining the diurnal thermal response at the surface in terms of the
incident radiation and geophysical characteristics and of evaluating the
manner in which such characteristics induce local climate variations at
the surface.

Results of this investigation will, in part, determine the feasi-
bility and the techniques and procedures for conducting the more detailed
energy budget studies planned under the RAPS program. In addition, it
was also a direct supplement to an in-house urban-rural radiation study

that was carried out in St. Louis during the summer of 1972,

2.21 Inadvertant Weather -Modification by Urban Pollution
Under a research grant, personnel from the University of Wyoming are
conducting an experimental investigation of inadvertant weather modification
by an urban area during the summertime in conjunction with the larger
Metropolitan Meteorological Experiment (METROMEX). Emphasis during the

1971 and 1972 field studies was primarily on urban-related alterations in



the nature of the airflow during convective cloud genesis and develop-
ment and during precipitation processes. Emphasis during 1973 will be
on boundary layer structure and exchange processes associated with the
urban mqodification of the airflow and on urban budgets of energy, moisture,
and aerosols (Aitken nuclei) associated with the objective of the
emerging RAPS program. The studies will be coordinated with an in-house
ML investigation on boundary layer structure. During experiments,
measurements of meteorological variables (e.g., temperature, dew point,
and pressure), cloud physics parameters, and hydrometeors are made with
an instrumented fixed-wing aircraft and two mobile vans. In addition,
special rawin